Abstract Multiple system atrophy (MSA) is an intractable neurodegenerative disorder that is characterized by various combinations of autonomic failure, cerebellar ataxia, and parkinsonism. We conducted an epidemiological study of MSA using the combined data of a national registry system and a postal survey in Hokkaido, Japan. A postal survey was conducted in 2013 based on national registry data from 2006 to 2011. This survey contained the current status of each patient with MSA that had been collected from attending physicians and recorded into a national registry. Survey items included date, outcomes, primary symptoms, and activities of daily living at the last medical examination. Confirmation data of the diagnosis by a board-certified neurologist was also collected. Based on the national registry data, 1,092 patients with MSA were selected as our target population. The response rate of the postal survey was 81 % (885/1,092). After excluding inappropriate responses, 839 patients with MSA were analyzed. Forty-nine percent of the patients were male, and the mean onset age was 62.1±10.4 years. A Kaplan-Meier survival curve revealed that patients with onset symptoms of cerebellar ataxia had a better prognosis than those with onset of parkinsonism or autonomic failure (p<0.01). Additionally, we found that a higher onset age was associated with poor prognosis. We found that patients with cerebellar ataxia at onset had a better survival prognosis than those with parkinsonism or autonomic failure at onset and that patients with an older age at onset had a worse survival prognosis.
Introduction
Multiple system atrophy (MSA) is a rare but devastating neurodegenerative disorder with a poor prognosis. The disease is characterized by symptoms of cerebellar ataxia, parkinsonism, and autonomic failure. Originally, patients with MSA were diagnosed into three different historical categories: striatonigral degeneration (SND), olivopontocerebellar atrophy (OPCA), or Shy-Drager syndrome (SDS). Pathologically, the overexpression of α-synuclein in the central nervous system, along with abnormal aggregation (as seen as glial cytoplasmic inclusion), was a common feature of the three categories; hence, the concept of MSA was established [1] . According to the second consensus criteria, MSA has two phenotypes distinguished clinically based on predominant motor symptoms of either the cerebellar variant (MSA-C) or parkinsonism variant (MSA-P) [2] . In recent years, autonomic dysfunction as an onset symptom has been reconsidered as further understanding of MSA disease characteristics is required [3] .
Some studies on the epidemiology of MSA have shown a regional difference in the frequency of MSA-C and MSA-P; MSA-C is more frequent in Japan than in Europe and the USA [4, 5] . This epidemiological difference has been confirmed by other studies in each region [6, 7] . The difference between MSA-C and MSA-P is the rate of motor symptom progression [8] . Additionally, a recent large cohort study reported that MSA-C has a better prognosis in terms of survival compared to MSA-P [7] . However, because of the rarity of the disease, variations in the natural history of MSA are still unclear because of the lack of community-based epidemiological studies.
In Japan, as well as in other countries, MSA is the most frequent disorder among idiopathic spinocerebellar degenerative diseases [9] . The Ministry of Health, Labour and Welfare, Japan, has been managing a national registry system to support various intractable disorders including MSA and other hereditary/nonhereditary spinocerebellar degenerative diseases [10] . This national registry provides financial aid to individual patients to aid in the cost of medical expenses; thus, almost all patients with MSA are actively registered. Moreover, the registry contains information about patient diagnosis, but does not have information concerning the outcome of terminal stages of the disease.
Recent publications have reported genetic predispositions, including COQ2, to MSA [11] . Further investigation for the association between risk factors and disease characteristics is expected. In addition, new drug development for MSA is long overdue. Therefore, we aimed to conduct a cross-sectional study consisting of national registry data and postal surveys to address the natural history and characteristics of MSA on a community-based level.
Methods

Study Design and Subjects
This study was the first survey of the Hokkaido Rare Disease Consortium for MSA (HoRC-MSA), which is a project that was launched to construct a community-based prospective cohort study of MSA. This study was conducted as a retrospective cohort study using patient data from the national registry and surveys from the attending physicians (including neurologists) of each patient. According to the criteria established by the Research Committee of Ataxic Disease and the Ministry of Health, Labour and Welfare of Japan [10] , the diagnosis of MSA in this registry system was based on predominant manifestations from the beginning of the disorder. These manifestations were then used to classify the disease as parkinsonism onset type (SND), ataxia onset type (OPCA), or dysautonomia onset type (SDS) and was clinically diagnosed using the following criterion. Parkinsonism onset type had to start with parkinsonism in middle-aged individuals or later and showed poor response to Parkinson's disease medications. Moreover, parkinsonism had to have been followed by cerebellar ataxia and autonomic failure. Ataxia onset type, on the other hand, had to start with cerebellar ataxia and develop in middle-aged individuals or later. Cerebellar ataxia then had to be followed by p a r k i n s o n i s m a n d a u t o n o m i c f a i l u r e . F i n a l l y, dysautonomia onset type had to start with autonomic failure including orthostatic hypotension, urinary disturbances, or impotence. These symptoms had to then be followed by parkinsonism and cerebellar ataxia more than 1 year later. On enrollment to the national registry, application documents, signs, and symptoms were recorded by attending physicians and magnetic resonance images were reviewed by an expert neurologist with experience in the clinical practice of MSA. In addition, patients whose who were less than 30 years old at disease onset were excluded in analyses of survival and symptoms according to the second consensus criteria [12] .
This study was conducted in Hokkaido, one of the four major islands located in Northern Japan. Hokkaido is the second largest island with a population of 5.5 million and, at the time of this study, 167 board-certified neurologists. Hokkaido is separated by the sea from Honshu, the main island of Japan; therefore, almost all of the patients with MSA had their attending physicians within Hokkaido. We studied patients with MSA registered in the national registry from 2006 to 2011. On February 2013, we conducted a postal survey to the attending physician of each patient with MSA. This study was approved by the Institutional Review Board of Hokkaido University Hospital.
National Registry System
From the national registry data, this study used patient demographics that included sex, date of birth, onset date, onset of symptoms, and date of first medical visit due to MSA symptoms. Onset symptoms were recorded by selecting cerebellar ataxia, parkinsonism, autonomic failure, or other symptoms in the application document. Data were then electronically recorded into the national registry database.
Postal survey
The target of the postal survey in this study was the latest attending physician of each patient with MSA. Surveys were filled out based on the latest data of each patient and included the date of death. The postal survey collected the latest doctor visit date of each patient, patient condition at the last doctor visit, predominant symptoms at the last doctor visit, unified MSA rating scale part 4 (UMSARS; 1, completely independent to 5, totally dependent and helpless, bedridden) at the last doctor visit, and confirmation of the diagnosis of MSA throughout the course of the disorder by board-certified neurologists. Our postal survey was a piece of paper that was kept simple and that was easy to answer. To enhance the response rate of this study, we announced the importance of this study before the survey and sent a reminder letter to the attending physicians before the survey deadline.
Statistical Analysis
Descriptive summaries were indicated by mean and SD for continuous variables, and frequencies and percentages were used for categorical variables. Survival from symptom onset was calculated using the Kaplan-Meier analysis. The log-rank test and Cox regression analysis were used in univariate and multivariate analyses, respectively. The significance level was set at p<0.05. All statistical analyses were conducted with STATA version 12.0 (STATA Corporation, College Station, TX, USA).
Results
A total of 1,092 patients with MSA were selected from the national registry database for this survey. The postal survey returned 885 cases (81 %), including 839 MSA cases and 46 cases who reported an incorrect diagnosis of MSA (as judged by the current attending physician or board-certified neurologist) (Fig. 1) . Patient demographics are shown in Table 1 . Females comprised of 50.8 % (426 cases) of the participants, and the mean age of onset was 62 years. The proportion of patients who were alive at the time of the survey was 46 %, while 32 % of the patients were deceased. The mean age of participants at last examination was 70. The proportion of patients who were diagnosed by board-certified neurologists at any time during the course of MSA was 89 %. Demographics of patients alive at the time of the survey revealed that approximately 80 % of them had lower activities of daily living (ADL) levels (grade 3 or more) in the UMSARS part 4 and that 62 % of them had MSA-C. A Kaplan-Meier survival curve revealed that patients with onset symptoms of cerebellar ataxia (median 190 months, 95 % confidence interval (CI) 163-236 months) had better a prognosis than those with onset symptoms of parkinsonism (median 147 months, 95 % CI 103-275 months) or autonomic failure (median 134 months, 95 % CI 105-188 months) (p<0.01) (Fig. 2a) . Older age at onset was also associated with poor prognosis (Fig. 2b) . The association between age at onset and onset symptoms showed that Parkinsonism onset increased with aging (Fig. 3a) . We also found that there was an association between sex and onset symptoms. Specifically, the proportion of males was higher in patients with autonomic failure onset than those with parkinsonism or cerebellar ataxia onset (Fig. 3b) . A multivariate analysis using a Cox proportional hazards model, adjusted by age at onset and sex, showed that patients with cerebellar ataxia or young age at onset had a good survival prognosis ( Table 2) .
Discussion
Our study, to the best of our knowledge, is the first large community-based retrospective cohort survey focused on the natural history of MSA. This study had three major findings. First, patients with cerebellar ataxia at onset exhibited a better survival prognosis. Second, patients with parkinsonism at onset were often older in age. Third, the proportion of patients with autonomic failure was larger in males than it was in females.
In this study, the MSA-C predominance in Japan that had been reported in previous studies was confirmed [5, 6] . On the other hand, some epidemiological reports from Europe and the USA have shown MSA-P predominance [13, 14] . The current study was communitybased using a national registry database; thus, it was important that the previous finding of MSA-C predominance in Japan be confirmed in a community-based epidemiological study.
Our study showed poor survival prognosis for patients with higher ages at disease onset, and this result was consistent with that of previous studies [15, 16] . Our study also showed an association between age of onset and onset symptoms. Some studies have reported no relationship between these two factors [7, 15] ; however, other studies have shown that patients with MSA-P had an older age of onset than those with MSA-C [9, 17] . In addition, we found that onset with autonomic failure was more frequent in males than in females and this result was also consistent with previous studies [9, 18] . One symptom of autonomic failure includes erectile impotency, which occurs only in men, and this difference may have influenced the proportion of male patients reported to have an onset of autonomic failure.
According to a previous study, the survival of patients with MSA is associated with their predominant symptoms (e.g., cerebellar ataxia in MSA-C and parkinsonism in MSA-P) [7] . In our study, this association was confirmed by differences found in the survival analysis based on onset symptoms. Other studies have reported that patients with autonomic failure at disease onset had worse prognoses than those that exhibited cerebellar ataxia at onset [19, 20] . In the current study, we found the same association even though the definition of autonomic failure in the national registry might be different from that in previous studies. Finally, the results of the Cox proportional hazards model showed that both older age at onset and parkinsonism at onset were independent risk factors of poor prognosis. Some limitations of this study should be discussed. First, the validity of MSA diagnosis was a little inferior when compared to what has been used in studies that have employed the second consensus criteria [12] . However, experienced neurologists reviewed each application at the initial registration of patients with MSA. In addition, the majority of patients in this study were diagnosed by board-certified neurologists throughout the course of their disease. Second, we were unable to factor in the outcomes of some of the patients because of a lack of patient follow-up or a failure of attending physicians to return the surveys. Therefore, the lack of information on these patients might have induced a certain amount of bias to this study. However, we were able to analyze approximately 80 % of the total patients with MSA; hence, the results of our study should be considered reliable. Third, this was a retrospective cohort study based on national registry data, and we conducted this investigation by combining national registry data with a cross-sectional postal survey. Moreover, a large portion of this study was dependent on cooperation from the local neurologist community. Considering these limitations, it is possible that the results of our study could have some bias and lack information; however, its consistency with previous studies, along with the large sample size of patients with MSA, can provide significant insight into the epidemiological characteristics of patients with this disease.
Finally, the strength of this study is that this survey was based on national registry data and postal surveys. In MSA, exhaustive surveys using national registries are rare. Therefore, it is important that the results of previous studies are consistent with our results. Moreover, the number of patients included in our study was larger than what was included in previous investigations; thus, this study can reveal more information regarding the epidemiological aspects of MSA. In the future, prospective cohort studies based on our current report will be expected to reveal remaining issues such as cause of death, differences of dysautonomia history between MSA-C and MSA-P, and disease progression evaluated by various functional scales.
In conclusion, our findings confirmed that the onset symptoms of MSA varied with sex and age. Moreover, patients with cerebellar ataxia at onset had a better survival prognosis than those with parkinsonism or autonomic failure at onset, while patients older in age at MSA onset had a worse survival prognosis.
